Introduction
Indus-2 [1] is a 2.5 GeV Synchrotron Radiation source at Raja Ramanna Centre for Advanced Technology, Indore, India. ADXRD beamline (on bending magnet port no BL-12) is amongst the first to become operational. The beamline is being used for carrying out structural characterization of different types of materials. The rms electron beam size at the centre of the bending magnet at this port is 0.234 mm x 0.237 mm (H x V). Horizontal and vertical divergences are 0.35 and 0.06 mrad, respectively. The beamline acceptance is 2 mrad (H) × 0.15 mrad (V) and the photon energy range is 5-25 keV. Simulation of the beamline performance has been done using the ray tracing program 'RAY' [2] . It has been designed indigenously and has an adaptive (bendable) optics for focusing the photon beam in both sagittal as well as meridional directions. It can be operated in both collimated as well as focused modes. In collimated mode, the beam size is large but the resolving power (E/ΔE) is ≈ 10 4 (at 10 keV), whereas, in focused (high flux) mode E/ΔE is moderately lower. We can switch between the modes using bendable optics. This is a multipurpose beamline and various types of experiments like XRD on single and polycrystalline samples, x-ray reflectivity and x-ray fluorescence can be performed. In the present paper commissioning and validation of the beamline in terms of photon beam characterization and a few typical results on x-ray diffraction on single crystal and powder samples, are discussed. For single crystal with zinc blend crystal structure of GaAs, the lack of centre of inversion symmetry leads us to define Ga polar <111> and As polar <-1-1-1> surfaces [3] . The confirmation of GaAs polarity is a technically important issue, because the electrical and chemical properties of the two sides are quite different [3] [4] [5] . Various techniques like chemical etching [6] , convergent beam electron micro diffraction [7] etc. are either too complex or destructive. X-ray diffraction using anomalous dispersion [8] is a simple, non destructive technique to resolve the issue of crystallographic polarity unambiguously. Fig. 1 shows the optical lay out of the beamline. The beamline optics consists of a plane, bendable Si mirror (M1) coated with ~500 Å thick Pt layer. This mirror is kept in a pre mirror system which comprises of a mirror bender, mirror alignment mechanism, UHV chamber and cooling system. The pre mirror system precisely aligns the mirror in the beam path and collimate/focus photon beam at the experimental station. The beamline uses a Si (311) based double crystal monochromator, with sagittally bendable second crystal to focus the beam in sagittal plane. Finally a bendable post mirror (similar to the pre mirror) is used to focus the monochromatic beam in the meridional direction. Two wire monitors, placed just after the first Be widow and the pre mirror, are used to align the pre-mirror. In addition we have photon beam position monitor (four blade type) and two fluorescent screens for determination of photon beam position. Finally an ionization chamber along with a monochromator stabilizer (MOSTAB) is used for closed loop beam intensity stabilization. The aim of this beamline is to perform high resolution x-ray diffraction experiments on polycrystalline as well as single crystal samples. So, to facilitate these goals, we have two experimental stations in tandem. Focused photon beam obtained at the experimental station was characterized for size, flux, resolving power and angular resolution (XRD measurement). The size of the focused beam, obtained by a CCD camera (20 X), was 0.5 mm x 0.6 mm (shown in Fig 2a) . The flux was measured using a batch calibrated photodiode and is shown in Fig. 2b . The maximum photon flux was found to be 2.3x10 9 photons/sec at 11 keV. The size and the flux of the photon beam compare well with the ray tracing results. The resolving power was measured using K absorption edge of copper foil. Overabsorption was intentionally used to suppress pre-edge features. The absorption data is shown in First one is a six circle diffractometer (Huber model 5020) equipped with NaI (Tl) scintillation detector. Second experimental station consists of 345 mm diameter image plate (mar 345) along with a desktop beamline consisting of a pair of ionization chambers and two slits. This experimental station is used for XRD measurements on powder samples. Since we have adaptive focusing, x-ray beam can be focused at the sample kept at either of the experimental station. 3a, with first derivative in the inset. After subtracting the intrinsic copper absorption width (1.45eV), we get ΔE = 1.2eV. The resolving power, 7 x 10 3 , is slightly lower than the ray tracing value of 10 4 at ~8keV. This is attributed to divergence of photon beam. Fig. 3b shows x-ray diffraction pattern of GaAs single crystal, from which we estimate the angular resolution of the diffractometer. The angular resolution was found to be 14.6". 
Beamline description

First results
The beamline performance was studied by measuring x-ray diffraction on powder sample (LaB 6 ). . The advantage of using the image plate is that the acquisition time reduces drastically.
As an example of anomalous diffraction, we have studied the crystallographic polarity of GaAs single crystal. This was determined using anomalous x-ray diffraction at and around the Ga K edge. We measured the intensity of GaAs (111) plane reflection between 10,340eV and 10,350eV across the Ga K edge, on the two surfaces of the crystal. Fig. 5 shows the normalized diffraction intensity of GaAs (111) and (-1,-1,-1 ) surfaces plotted as a function of photon energy for the two surfaces of the crystal (marked surface 1 and surface 2). There is appreciable difference between the two curves. If the diffraction intensities for the two surfaces are normalized (made the same) for below the absorption edge, the diffraction intensity ratio for above the absorption edge is about 3:1. Further, to identify the two surfaces of the crystal, we compared the measured intensity curves with the calculated ones. The XRD intensity (I(hkl)) is calculated by the relation I (hkl) = F(hkl) * F * (hkl), where F(hkl) is the structure factor for reflection from (hkl) planes given by F(hkl) = ∑f j * exp(hx j +ky j +lz j ). In general f j is complex given by f j = f 0j + f' 1j + f' 2j . x j , y j and z j are the fractional coordinates of the j th atom in the unit cell. f 0j is the atomic scattering factor. f' 1j and f' 2j are the real and imaginary energy dependent anomalous dispersion corrections to the atomic scattering factor. The anomalous correction terms are comparable with atomic scattering factor at and near an absorption edge. Far away from the absorption edge these contributions are insignificant. In GaAs (zinc blend structure), because of the lack of center of inversion symmetry in this structure, the values of F (111) and F(-1,-1,-1) are different around absorption edge. In a unit cell of GaAs, four Ga atoms occupy fcc positions, whereas, the four As atoms are shifted by (1/4,1/4,1/4) with respect to Ga atoms. Thus it is Fig. 5 ) is (111) face, whereas, the surface marked 2 is (-1,-1,-1) face. Hence, this method of polarity determination is extremely sensitive and unambiguous. 
Conclusions
An ADXRD beamline has been installed and commissioned in Indus-2 synchrotron source. Photon beam characterized at the experimental station show good agreement with the simulated data using ray tracing technique. The angular resolution for crystalline and powder samples are 14.6" (FWHM) and 0.018 0 (σ); respectively. As an example, we discuss polarity of GaAs single crystal using anomalous XRD.
